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RESIDUAL DISABILITY AFTER THE EXCISION OF
BRAIN TUMOURSl
By DONALD SIMPSON, M.B., B.S. (Adel.), F.R.C.S. (Eng.),
Senior Neurosurgical Registrar, Royal Adelaide Hospital.
The mere preservation of life is not the
only aim of surgery, or even its chief aim.
There are few people who will welcome
'Continued existence at the price of con-
tinued misery, and in assessing the results
of any kInd of surgical intervention it is
necessary to consider the preservation of
function even more than the mortality.
This is particularly true of the surgery
of cerebral tumours. Neurosurgeons and
physiotherapists caring for neurosurgical
cases are constantly made aware that the
victims of these formidable growths gain
very little if their lives are prolonged at
the cost of a profound aphasia or a total
motor disability.
The figures which I would like to present
'Concern the meningiomata. This com-
pact group of tumours illustrates very
well the general problems of disability and
rehabilitation arising after brain surgery.
They are usually considered to be among
the most favourable of cerebral neoplasms.
They are comparatively benign; they arise
from the coverings of the brain; they
usually compress the brain tissue rather
than infiltrate it; and, although they often
invade bone locally, their metastasis to other
1>arts of the body is exceedingly rare. They
-:can usually be relTIoyed in entirety; the
<operative mortality attending their removal
is not negligible (in most published series
at least 10 per centum) ; but, on the other
hand, their recurrence rate is low, at least
when compared with other cerebral tumours
:such as the gliomata. They constitute, there-
fore, admirable material for the study of
residual disability, since the majority of
patients survive operation and live reason-
ably long. Moreover, these tumours arise
in relation to almost all parts of the brain:
"1 Read at a meetlng of the SIxth Session of
Congress of the Austrahan PhysIotherapy AssocIa-
tion at Adelaide on September 28, 1956
although they originate from the meninges,
and are therefore superficial in genesis,
their continued expansion can bring them
into relation with any of the cell masses and
fibre tracts on which our cerebral functions
depend. The disabilities they inflict (and
also, one must confess, the disabilities which
the surgeon inflicts in removing them)
therefore comprehend the whole range of
neurological misfortunes: dementia, hemi-
plegia, paraplegia, blindness, and so on.
Between 1938 and 1953, 235 patients with
intracranial meningiomata came to opera-
tion at the Radcliffe Infirmary, Oxford, and
205 survived operation for six months.
These people were all traced in the course
of a research investigation recently, and an
attempt was made to assess and grade their
residual disabilities. Where possible, this
was done by personal interrogation, but,
much more commonly, it was necessary to
rely on letters either to the patient or to
his general practitioner.
It is very hard to find units for human
suffering and happiness. What is a crippling
disaster for one man may spur another into
achievements previously impossible. Tem-
perament, age, sex, income, and, it must be
admitted, nationality can all modify the
response to a disability. The people I am
discussing are an unselected sample. Their
average age at operation was in the middle
forties; the extremes were a boy of 13 and
a spirited gaffer of 73 years. There was a
predominance of women (62% ), which
only expresses the well-known and un-
explained sex predilection of the meningio-
mata. I do not think there was any great
social selection. Most of the patients came
from Oxfordshire and surrounding counties
though a few were foreigners from remote
places like London. The best introduction
to an analysis of the disabilities in this
group is a simple statement of working
capacity (Table I).
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The first group are those happy patients
with no symptoms, or none conceivably
related to operation.
The second group, those whose dIs-
abilities are considered slight, are those
with some complaint or some neurological
abnormality who are nevertheless working
at their old jobs (or jobs comparable in
earning power). If they are housewives,
then they are still managing their accuS-
tomed duties; if they are retired, then they
are as active and happy in their potterings
as one might reasonably expect.
TABLE I.
Disability.
I. None o....... 328S~ol63%
2. Slight .o.... 7( }
3· Moderate 23%1
4· Severe 9% ~ 37%
5· Total 4%J
These two groups constitute only 63%
of the whole series. One may say of these
patients that they have been successfully
treated. It is otherwise with the remaining
37%·
The patients with a moderate disability
(23%) can still work, but have had to
admit a definite limitation in their powers.
For a man this usually means a poorer-paid
job; for a housewife, the need for help
with some household chores previously
managed. Into this group would come men
working in such special protected factories
as those provided by Remploy Limited; on
a higher social scale it includes the senior
staff officer whose memory now needs much
skilled prompting.
The patients with severe disability (9%)
are wholly unable to work, though still able
to care for themselves. Those with total
disability (4%) cannot care for themselves
and need some degree of nursing either at
home or in an institution.
It will be seen, then, that in more than a
third of these cases the functional result
leaves much to be desired. Moreover, the
figures which I have given represent the
patient's maximal achievement. Some of
those whose disabilities are categorized as
slight only reached this level after long
periods of rehabilitation. A certain number
again have subsequently developed recur-
rences of the tumours and now suffer
greater disabilities than at first.
This depressing incidence 0 f serious dis-
ability has been the experience of every
surgeon concerned with these tumours..
Olivecrona (1955) reports that of 222
patients surviving a year or longer, 127
were well and working, but 52 were only
"partially well" and 30 were invalids..
Grant (1954) mentions that more than 40
of a series of 219 cases were crippled.
Fincher (1954) found significant residual
disability in 44 of 68 cases.
Nobody can be complacent over tumours
which, despite technically perfect surgical
removals, leave so large a minority of
crippled patients.
The pathological basis for these cripplings
is sufficiently obvious. Brain tumours pro-
duce symptoms in two ways: by raising the
intracranial pressure generally, and by local
neural compression, invasion, or vascular
interference. Both mechanisms may lead
to irreversible damage; and it is the clinical
manifestation of such irreversible dalnage
that constitutes the patient's disability. A
third factor is the damage, usually unavoid-
able, incurred during the excision of the
tumour: to remove a meningioma it is often
necessary to excise brain tissue, and it is
sometimes impossible to avoid sacrificing a
major artery or vein. Damage of this kind
is essentially irreparable: dead neurons do
not regenerate. But it must be said that
the brain has a great though unpredictable
power of compensating for the destruction
of one cell-mass by the functional substitu-
tion of another. Moreover, it is only the
dead cells and fibres which are beyond
regeneration: many cases of brain tumour
suffer disturbances of cell function short of
cell death, and these disturbances are com-
monly quite reversible. One must not
despair of functional recovery after the
removal of a tumour until at least six
months have elapsed; this is especially true
of the higher intellectual functions.
The actual physical disabilities seen in
this group of patients are not easily
classified. For convenience, I present them
under four headings: ( I) menta1 disturb-
ances, including dysphasic impairment of
speech; (2) motor disabilities; (3) visual
disabilities; and (4) epilepsy (Table II)Qo
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You will see in Table II the relative
importance of these fOUf groups of dis-
ability. It must be confessed, however, that
these are very arbitrary comparisons. Many
patients had more than one kind of dis-
ability, and I have only guessed which was
the main incapacity.
Epilepsy, to take the least first, is a very
common sequel to any operation on the
brain. Scarring of the cerebral cortex is
unavoidable, and the brain scar, for reasons
not "veIl understood, causes the sudden,
explosive, nervous discharge which we call
TABLE II.
DIsabilIty. Moderate. Severe Complete.
Mental II 5 5
Motor ... 24 5 3
Visual .. 6 8 I
Epilepsy 5 Nil Nil
46 18 9
epilepsy. In one form or another this was
a post?perative complaint in fully 43% of
cases tn the Oxford series, being (as is to
be expected) especially common in those
with a history of preoperative fits. It is
always an unpleasant inconvenience
frightening to the victim, and often dis~
gusting to his acquaintances. If the fits are
not heralded by a constant and reliable
warning sensation, they can be acutely
dangerous, and such epilepsy is, or ought to
~e, a bClr to driving a car and to any occupa-
tIon that exposes the patient to risk if he
loses consciousness suddenly. One woman
in this series is belteved, adluittedly on
purely circumstantial evidence, to have had
her first and, unfortunately, her last fit when
driving ~n automobile. Epileptics may also,
rarely, dIe from the exhaustion of continued
an.d uninterrupted fits-status epilepticus;
thIs happened to at least one patient in this
series. Nevertheless, epilepsy was classed
as a cause of lTIoderate disability in five
people only, and in several of these the
classification is disputable. With the aid of
anticonvulsant drugs the tendency to
epilepsy can usually be controlled,,, and its
significance as a cause of economic dis-
ability is much less than one would suppose.
All patients surviving the excision of a
meningioma are now routinely given small,
regular doses of phenobarbitone.
Visual loss is, of course, a terrible and
obvious disability. Intracranial tumours can
involve the optic pathways in two ways:
either directly, by compressing the optic
fibres at some point in their course, or
indirectly, by producing prolonged, raised,
intracranial pressure, to which the optic
nerves are sensitive. In the bad old days
the victims of cerebral tumours very com-
monly went blind from unrelieved intra-
cranial hypertension. Nowadays this is
much rarer, but it is sad to find that there
were some six patients disabled in this way.
I would like to emphasize that in many
patients with visual failure, even if short of
blindness, the visual disability is aggravated
by a coexistent defect in another part of
the nervous system. One poor woman in
this series has poor sight and a moderate
cerebellar incoordination, the legacy of a
cerebella~ meningioma removed some years
ago. Etther would be a moderate dis-
ability; together they wholly incapacitate
her, because she cannot compensate for the
motor incoordination by watching her steps.
Another even more tragic patient, not in
this series, went blind from a brain tumour
(not a meningioma) in the right parietal
region. She is an intelligent, well-educated
school-teacher and might have made a good
life for herself as a blind person. But the
tumour had deprived her of the discrimina-
tive powers of her left hand; although there
is no actual weakness, she has such a defect
of sensation that she cannot master the
crafts by which the blind live. She can
read braille, which is, of course, a one-hand
facility in most instances, but she cannot
type accurately or make any but clumsy
handwork.
Mental disorders, with which I have
coupled the aphasias, account for very many
of the disabilities~ They present a complex
problem. Some may be classed as non-
specific, in that one cannot explain them as
the result of damage to some single area
of the brain.
In your own practice you will constantly
have encountered the frustrating patient
who has a real disability and will make no
attempt to overcome it. It is the case
with many of these patients that the objec-
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tive disability does not explain the actual
incapacity; I strongly suspect that we are
seeing a complex of factors. It is not
enough to dismiss these people as exhibiting
"functional overlay". One must if possible
determine the patient's basic personality;
when it has always been inadequate one
may suspect that the meningioma is only a
precipitating factor. In some, however, the
tumour has caused an over-all reduction in
mental power, perhaps difficult to identify
on casual examination, and this is particu-
larly likely to occur in the elderly. Some
of these patients may, again, be defeated
by disabilities which appear to the outsider
not insuperable. This mild general blunting
is much harder to cope with than the acute
psychosis which occasionally follows cranial
surgery. One patient in this series had a
really terrifying depressive state after the
successful removal of the tumour. It was
chiefly endogenous in its colouring with
ideas of paranoid type and threats of
suicide; one can only speculate on the
reasons for its appearance in his convales-
cence.. It responded very well to electric
convulsive therapy.
Non-specific forms of mental disability
induce an inadequate or defeatist attitude
to a physical disability, an over-all reduction
in intellect, and a true psychotic episode.
There are, however, obviously specific
mental disturbances due to involvement by
the tumour of an area of the brain with
specialized intellectual function. Thus,
meningiomata in the extreme frontal region
may mimic a prefrontal leucotomy, leaving
a euphoric, tactless patient, careless in per-
sonal habits, who is a burden to his
relatives. Such mental changes usually
clear, but they were unfortunately per-
manent in one old man in this series and
have been of grave consequence. He is
cheerful and superficially intelligent, but
is completely unable to hold a job or even
to refrain from wetting his bed. Meningio-
mata involving the dominant hemisphere
will often disturb the language function;
and disturbances of this kind can be
extremely crippling. It is not only speech
in its narrow sense of spoken communica-
tion that is disturbed: usually, though in
varying degrees, all aspects are involved,
including writing and so-called internal
speech, which underlies many intellectual
processes not at first sight concerned with
the language function. These aphasias,
again, may regress, and are especially likely
to do so in the young. When they do not,
they cause a very horrible and frustrating
disability, and naturally aggravate any
coexistent physical disability, such as a
hemiplegia, since the patient cannot make
his want clearly known or cooperate in his
rehabilitation. The retraining of aphasias
is a complex business with which I am not
very familiar, but I think it is fair to say
that the results are good only in younger
patients and where the speech difficulty is
MOTOR PATHS
~ PYRAMIDAL
@-----+EXTRA PYRAMIDAL ea. CEREBELLAR
FIGURE I DIagrammatic coronal section
of the braIn, to Illustrate the maIn motor
pathways
not associated with much defect in com-
prehension and in general intellectual
rapacity. Patients of that kind were very
rare in thi; series.
Finally, lTIotor disabilities have been
unpleasantly common. It is particularly of
these that I would like to speak. Any
voluntary muscular action, however simple,
is the result of coordinated activity of
several neuronal systems-chiefly the big
corticospinal fibres that we call the pyrami-
dal tract, directed by the sensory systems,
modified by the more mysterious extra-
pyramidal circuits and aided by the cere-
bellum. Meningiomata can and do disturb
this complex synchrony at any point. In
Figure I is presented an illustration <:;how-
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<J II " " ll) NON· FUNCTiON )NG
MENINGIOMA PARALYSING
ME NJNG IOMAMJD-LJ NE
FIGURE 3. DIagrammatic reconstruction
of the effects of a bIlateral fronto-parietal
parasagIttal menIngioma.
of the middle or anterior cerebral arteries,
or of the superior longitudinal sinus, in its
posterior course, usually leaves permanent
incapacity.
There were in this series twenty-four
examples of moderate motor disability, five
of severe affection, and three of complete
invalidism.. The large majority (twenty-
PARALYSING BOTH LEGS
such tumours may produce varying degrees
of ataxy in the ipsilateral limbs.
Now the disorders of motor function pro-
duced by tumours of this kind are often
reversible; but if they represent actual cell
death, then the only restoration of function
that can occur is by the substitution of
other neural circuits, and there is a limit to
this potentiality~ The removal of the
tumours depicted in Figures 2, 3, and 4
mIght remedy the motor deficits produced,
and probably would do it if they were recent
and if no major vessel were divided in the
course of their excision. But where the
motor neurones have atrophied from long
pressure, or died from arterial or venous
deprivation, then the result will be poor.
In practice, the latter lesions are the com-
moner. When there is no vascular in1pair-
ment, it is amazing what excellent func-
tional recovery can take place. But division
ARM&FACE
FIGURE 2 Diagrammatic reconstruction
of the effects of a menIngIoma of the
fronto-parietal convexity.
of the cerebral hemisphere in the region of
the central fissure, and there were yet others
whic'l caused pyramidal dysfunctions less
directly.. Figure 2 shows a typical example
of such a tumour, producing a facio-
brachial weakness. A larger tumour may
cause a full hemiplegia.
A favourite site of origin with the
meningiomata is the superior longitudinal
sinus; and meningiomata in this position
may be in direct relationship with the cells
of origin of the pyramidal fibres to the leg,
and also to the sensory representation of
that limb. There were thirty instances of
this in the present series. Figure 3 shows
a bilateral meningioma in this situation.
The extra-pyramidal system is much less
vulnerable to the meningiomata, but the
cerebellum is commonly involved by over-
lying meningiomata, as in Figure 4, and
ing the course of the cortIcospinal motor
pathways; also shown are the cerebellar
efferents and (grossly over-simplified) some
of the extra-pyramidal pathways. It is
evident that the cortical origins of the
pyramidal fibres are vulnerable to direct
compression by an overlying meningioma..
There were in fact some twenty-six tumours
in this series which overlay the convexity
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five persons) had unilateral spastic weak-
nesses. One had a tetraparesis mainly
affecting the legs. Six had cerebellar
ataxies of varying kinds. In addition, there
were several patients with recurrent
tumours who ultimately came to have
serious tetrapareses. It is perhaps worth
describing one of these in brief detatl, as the






FIGURE 4. DIagrammatIc reconstruction
of the effects of a menIngIoma arISIng
from the tentorIum
Case Report.
F.D., a housewife, aged forty-one
years, was admitted to the Radcliffe
Infirmary in 1948, complaining of epi-
lepsy. The character of the attacks
indicated a lesion involving the right
motor cortex, and a carotid arteriogram
showed a tumour in this sIte, arising
from the superior longitudinal sinus. It
was removed, apparently completely.
Before operation there was no real motor
weakness, but the unavoidable damage of
the resection left a spastic paresis of the
left leg. This constituted no more than a
slight disability, and the lady resumed
her former activities. She continued to
have minor epileptic attacks, but these
were not of great severity. In 195 1, how-
ever, she began to complain of right-
sided weakness, and a second operation
disclosed a tumour on the left side, the
duplicate of that removed from the right
side three years earlier. The condition
was In fact a bilateral meningioma, much
as in Figure 3. Following the removal
of this tumour there was a severe
right-sided weakness, with considerable
clumsiness of the arm.
She is a persevering person, and
although now handicapped by bilateral
motor disabilities, especially severe in
the legs, she began to walk between
parallel bars.. Her husband spared no
expense in reorganizing her life, and, in
particular, he redesigned their house,
providing hand-holds everywhere. Un-
fortunately, she developed a further
recurrence of the tumour; this was
excised in 1953, but she remains para-
plegic-indeed, triplegic, since one arm
is also profoundly affected. Urinary
incontinence has been added to her
troubles.
This unfortunate woman demonstrates
certain very crucial neurological principles.
Firstly, a spastic weakness of one leg is
not an insuperable disability. The leg has
bilateral cortical representation, and the
hemiplegic can always swing his leg along,
albeit with a dragging foot, correctable by
a proper toe-raisiNg spring. No hemiplegic
in this series was unable to walk. Secondly,
a spastic weakness of both legs is just as
incapacitating when due to bilateral cor-
tical damage as it is when due to spinal
injury, which is the more familiar form of
paraplegia. Thirdly, an upper motor
neurone palsy of hand and arm is a pro-
found disability, and if it does not recover
within a few months it is likely to be
permanent. This is especially so when a
motor weakness is combined with sensory
loss. I confess to extreme pessimism over
the function of the hand in any hemiplegia
persisting unchanged for more than two or
three months; Twitchell ( 195I) indeed
found that some voluntary movement
usually appears in less than thirty-three
days.
I wish that I could conclude with some
intelligent comments on the amelioration of
all these disabilities.. Their prevention, by
well-planned and well-executed surgery, is
of course the ideal. But in many instances
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FIGURE SA PerIarticular calcIfication In the shoulder jOint
of hemiplegIc arm
FIGURE 5B Osteophytic formation in the elba"\\' Joint of hemIplegic arm
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they are unavoidable. Disabilities from
poor vision, epilepsy, or mental deteriora-
tion are not primarily the concern of the
physiotherapist; but I make no apology for
emphasizing their frequency because they
profoundly aggravate any motor disabilities.
You will know much better than I the
technical problems of re-abling the hemi-
plegic, the paraplegic, and the ataxic. I
would like only to make certain not very
original observations on three important
obstacles to success in this field: arthritis,
obesity, and demoralization.
The first is sometimes forgotten. When
a joint is immobilized there is a very strong
tendency to capsular adhesions and ulti-
mately even ligamentous calcification - in
short, to a painful, frozen joint. Arthritis
is perhaps a poor term for this pathological
state; one might describe it better as rusting
up. This is especially to be feared in the
shoulder, but it may occur in the elbow, the
fingers, and elsewhere. The patients are
middle-aged or elderly, and, therefore,
prone to arthritis. Their paralysed limbs
are usually spastic, and the spastic arm
assumes a posture (flexion and adduction)
of very little biological utility. If such a
posture is maintained by painful arthritis,
function will remain poor even though
voluntary muscular contraction is restored.
Figure 5 shows the periarticular calcifica-
tion which developed in a man with a sub-
frontal meningioma in this series: he did
not receive physiotherapy in the immediate
postoperative period-he was exceedingly
ill-and although the left hemiparesis has
virtually recovered, his arm is still of very
little service. In most cases, frequent
passive movements through a ful1 range will
avert this. Sometimes, however, the
arthritis seems to develop despite the most
assiduous physiotherapy. One sometimes
wonders whether the joint is not sUffering
from the withdrawal of a trophic nervous
system, but there is very little evidence for
this belief and, probably, simple disuse will
explain the phenomenon.
The second, obesity, is also at times over-
looked. Any bedridden patient tends to eat
more than he needs; it is one of the few
pleasures open to neurosurgical convales-
cents. Moreover, persons with frontal
tumours commonly have a pathological
appetite~ One must watch against an
inordinate gain in weight in a hemiplegic:
it will greatly hamper his return to proper
walking.
The third, the question of morale, is too
complex for full discussion. The per-
sonality of the medical attendant and the
physiotherapist with, of course, the inherent
courage of the patient are perhaps the
greatest factors in the first weeks. But
when the period of recovery is over and
the patient is faced with some permanent
disability it is necessary to invoke more
specialized help. Rehabilitation and physio-
therapy must then be directed to some
specific aim comprehensible to the patient;
it is, at least in the younger patients, far
more important to provide a trade or
occupation than to labour over exercises
which are meaningless to the patient and
tedious to the physiotherapist It is at this
stage that rehabilitation centres have most
to offer. These centres not only give the
patient some potentially lucrative skill
appropriate to his disability, but they also
place him beside competition from others
similarly placed. In the elderly, one may
perhaps accept a disability and aim rather
at the patient's comfort. In the young and
Iniddle aged, however, the goal is economic
independence; and in the series I have pre-
sented some notable successes were
achieved. They were obtained by the team
work of many people - the neurosurgical
staff, the department of physical medicine,
the rehabilitation services, and the hospital
almoner service.
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